The influence of dietary fiber, magnesium (Mg), and glycemic load (GL) on diabetes was examined in the Hawaii component of the Multiethnic Cohort. The 75,512 Caucasian, Japanese American, and Native Hawaiian participants aged 45-75 y at baseline completed a FFQ. After 14 y of follow-up, 8587 incident diabetes cases were identified through selfreports and health plans. We applied Cox regression stratified for age at cohort entry and adjusted for ethnicity, BMI, physical activity, education, and total energy with further stratifications by sex and ethnicity. When comparing extreme quintiles, total fiber intake was associated with reduced diabetes risk among all men [hazard ratio (HR): 0.75; 95% CI: 0.67, 0.84; P-trend , 0.001) and women (HR: 0.95; 95% CI: 0.85, 1.06; P-trend = 0.05). High intake of grain fiber reduced diabetes risk significantly by 10% in men and women. High vegetable fiber intake lowered risk by 22% in all men but not women. Mg intake reduced risk (HR = 0.77 and 0.84 for men and women, respectively) and, due to its strong correlation with fiber (r = 0.83; P , 0.001), may explain the protective effect of fiber. The top GL quintile was associated with a significantly elevated diabetes incidence in Caucasian men and in all women except Japanese Americans. Overall, several associations were more pronounced in Caucasians than in the other groups. These findings suggest that protection against diabetes can be achieved through food choices after taking into account body weight, but, due to differences in commonly consumed foods, risk estimates may differ by ethnic group.
Introduction
In the Multiethnic Cohort (MEC), 5 very high diabetes incidence rates (per 1000 person-years) were observed for Native Hawaiians (17.5 in men and 15.9 in women) and Japanese Americans (16.2 in men and 12.7 in women) compared with Caucasians (7.1 in men and 4.9 in women) (1) . Because these ethnic differences in risk could only be partially explained by BMI, we took further advantage of the prospective study design to examine the effect of specific nutrients on diabetes risk (1) (2) (3) .
Fiber, especially soluble fiber found in fruits and legumes, improves satiety by providing bulk and increasing digestion time (4, 5) . The mechanism for this action is thought to be the ability of dietary fiber to slow postprandial glucose uptake, thereby producing lower blood glucose and insulin levels (6) . Fiber intake has been linked to lower body weight, which may be responsible for the lower diabetes risk observed in several investigations (6) . Insoluble fiber, commonly found in grains and vegetables, may improve hepatic insulin sensitivity through the production of SCFA in the colon (7) . Also, components of fiber-containing foods (8) , in particular magnesium (Mg), are thought to act through hormonal regulation of glucose homeostasis (9) . Mg, which is abundant in nuts, legumes, grains, dairy, and some fruits and vegetables, was inversely associated with diabetes risk in a recent meta-analysis, with a risk estimate of 0.77 (95% CI: 0.72-0.84) when extreme categories were compared (7) .
Glycemic load (GL) has been hypothesized as a predictor of diabetes due to its effect on blood glucose response (10) (11) (12) . Digestion rates and blood glucose response vary considerably depending on the type of carbohydrate in a food (4) . The glycemic index is a relative measure of the glycemic response or insulin demand induced by carbohydrate intake. GL uses the glycemic index and the carbohydrate content of a food to estimate the effect of a specific portion of food on postprandial blood sugar levels. The chronically high insulin demand related to a diet with a high GL may lead to pancreatic b cell exhaustion, insulin resistance, glucose intolerance, and an increase in late postprandial FFA (12) .
Prospective studies examining the relationship between fiber, GL, and incident diabetes across multiple ethnicities are currently limited (13, 14) . The goal of this study was to examine the associations of dietary fiber (total fiber, grain fiber, fruit fiber, and vegetable fiber including legume fiber), Mg, and GL with diabetes in men and women of Caucasian, Japanese American, and Native Hawaiian ancestry in the MEC.
Methods
Study population. The MEC study of diet and cancer was established in 1993 through 1996 and consists of men and women aged 45-75 y from 5 major ethnic groups (Caucasian, Japanese American, Native Hawaiian, African American, and Latino) (15) . Although approximately one-half of the .200,000 participants were recruited in California, the current analysis is limited to the Hawaii component due to the availability of diabetes incidence data (1). The Hawaii study population consists of 103,898 participants primarily from 3 ethnic groups (Caucasian, Japanese American, and Native Hawaiian) residing on 6 Hawaiian Islands. Respondents completed a 26-page, self-administered, mailed survey at baseline that included a quantitative FFQ (QFFQ) and questions about demographic information, medical conditions, anthropometric measures, and lifestyle factors (16) . Japanese Americans had higher (46% for men and 51% for women) and Native Hawaiians had lower (28% for men and 35% for women) response rates than Caucasians. Nevertheless, participants in the MEC were fairly representative of the general population, as evidenced by a comparison of the cohort distributions across educational levels and marital status with corresponding census data (15) . After exclusion of 10,028 self-reported prevalent cases, 8797 participants of other ethnicity, 6202 individuals with missing covariates, 2537 persons with missing dietary information, 812 self-reported cases not confirmed by a health plan, and 10 persons with missing information on follow-up, 36,256 men and 39,256 women were part of this analysis. The study protocols were approved by the Committee on Human Studies at the University of Hawaii and by the Institutional Review Board of Kaiser Permanente. Case ascertainment. As described previously, incident diabetes cases were identified through 3 sources (1). A follow-up questionnaire was sent to MEC members between 1999 and 2003 to update information on medical conditions, including diabetes (84% of respondents of the baseline questionnaire). Between 2001 and 2007, blood and urine specimens were collected on a subset of the MEC participants who also completed a medication questionnaire at the time of blood draw that covered diabetes drugs (38% of respondents of the baseline questionnaire). Finally, the MEC data were linked with the 2 major health plans in Hawaii, Kaiser Permanente, and Blue Cross/Blue Shield in July 2007 (1) . After excluding 812 self-reported cases not confirmed by a health plan, 2251 of the 8587 incident cases were identified in the follow-up questionnaire, 996 by diabetes drugs in the medication questionnaire, and 5340 cases through one of the health plans. Annual linkages with state death certificate files provided information on vital status.
QFFQ. Dietary information was collected using a QFFQ that has been described in detail elsewhere (12) . In brief, the QFFQ included 8 frequency categories for foods and 9 for beverages. Portion sizes were selected from 3 or 4 options. To define the specific performance of the QFFQ on the different ethnic groups, a calibration study using 24-h recalls was performed and showed acceptable values (16) . Nutrient intake was determined using a customized ethnicity-specific food composition database based on the USDA nutrient database and additional laboratory analyses performed in Hawaii (15) . Daily intakes of dietary fiber and Mg from foods were converted to energy density values (per 4184 kJ). After assigning glycemic index values to each food using published values or imputations from similar foods (17) , GL was calculated by multiplying the total carbohydrate content minus fiber content per serving by the glycemic index and dividing by 100.
Statistical methods. Statistical analyses were performed using SAS statistical software, version 9.1 (SAS Institute). Cox proportional hazards regression models (PROC PHREG) were applied to analyze the effect of fiber (total dietary fiber, fiber from grains, fiber from fruits, and fiber from vegetables), Mg, and GL on diabetes risk. Hazard ratio (HR) and 95% CI were calculated using follow-up time as the underlying time metric. To ensure that the estimation procedure was based on comparisons of participants at the same age, we controlled for age at cohort entry through stratification. Dietary fiber, Mg, and GL were analyzed as quintiles of the distribution among men and women separately. BMI (kg/m 2 ) was divided into 4 categories: ,23.0 (reference group), 23.0-24.9 (normal weight), 25.0-29.9 (overweight), and $30.0 (obese). Due to previously reported associations with diabetes risk, ethnicity (Japanese American and Native Hawaiian vs. Caucasian), BMI as categories, physical activity (quintiles), education (13-15 and .15 vs. #12 y), and energy intake (log transformed) were included as covariates. Because the interaction term between sex and GL was suggestive of a differential effect (P = 0.09) and interactions between ethnicity and several nutrients were significant, e.g. dietary fiber in men (P = 0.05) and GL in women (P = 0.03), we further stratified the analysis by sex and ethnic group. Ordinal variables representing the medians of each quintile were included to test for linear trends. Kaplan-Meier survival curves and Schoenfeld residuals did not reveal any major violations of the proportional hazards assumption (18) . For all tests, P , 0.05 was considered significant.
Results
After 14 y of follow-up, 8587 incident diabetes cases were identified ( Table 1) . Caucasians tended to have more education (P , 0.0001), followed by Japanese Americans. Native Hawaiians were more likely to have a higher BMI, whereas Japanese Americans tended to have a lower BMI (P , 0.0001 between all groups). The mean intake of all types of fiber was higher among all women than all men (P , 0.0001); Caucasians consumed the most, followed by Japanese Americans and Native Hawaiians (P , 0.0001). Levels of Mg intake mirrored fiber intake. Caucasian women had the lowest daily GL, whereas Native Hawaiian men had the highest.
Total dietary fiber intake was inversely associated with diabetes risk (HR: 0.75; 95% CI: 0.67, 0.84; P-trend , 0.0001) among all men ( Table 2) . After stratification, the trend test was only significant for Caucasians, but we observed significant protective effects for the top compared with the bottom quintile of intake in all groups, 25% for all men (34% for Caucasians, 16% for Japanese Americans, and 30% for Native Hawaiians), indicating a threshold effect that was also confirmed by a quadratic term (P = 0.03). In all women (Table 3) , the association for dietary fiber was weaker (HR: 0.95; 95% CI: 0.85, 1.06; P-trend = 0.05), but the quadratic term was also significant (P = 0.04). Within ethnic groups, only Caucasian women showed an inverse trend (P-trend = 0.04). After excluding BMI from the total fiber model to test for BMI as a mediator, the HR for the top category was 0.68 for all men and 0.78 for all women, corresponding to 7 and 17% further reduction in risk, respectively, compared with the model adjusted for BMI.
In all men, grain fiber was inversely associated with diabetes risk (HR: 0.91; 95% CI: 0.82-1.00; P-trend = 0.006) and was associated with an almost 20% reduction in diabetes risk for the top categories in Caucasians and Native Hawaiians but had no apparent effect in Japanese Americans. In all women, fiber from grains was also associated with a lower risk overall when the top quintile was compared with the lowest (HR = 0.88; 95% CI: 0.79-0.97; P-trend = 0.02). The protective effect of grain fiber for all men and women was mainly driven by the significant finding among Caucasians (P-trend = 0.02 and 0.03) and to a Fiber, glycemic load, ethnicity, and diabetes 69 lesser extent by the nonsignificant risk reduction among Native Hawaiians (P-trend = 0.15 and 0.11).
Whereas fiber from fruit was not associated with diabetes risk in either all men or all women, fiber from vegetables had an inverse association in all men (HR: 0.78; 95% CI: 0.69, 0.88; P-trend , 0.0001). Caucasian and Japanese American men in the top quintiles showed risk reductions of 35 and 21%, respectively, whereas there was no association for Native Hawaiians. Vegetable fiber had no association with diabetes in women (P-trend = 0.38).
When comparing extreme quintiles, Mg intake was inversely associated in all men (HR: 0.77; 95% CI: 0.70; 0.85; P-trend , 0.0001) and all women (HR: 0.84; 95% CI: 0.76; 0.93; P-trend = 0.0003) in a model without adjustment for fiber (Tables 2 and  3 ). The association was consistent across ethnic groups in men and showed similar reductions in women, except for Japanese Americans. Possibly because the correlation between dietary fiber and Mg was high (r = 0.83; P , 0.001), the protective effect of fiber was not present in all men (HR = 0.89; 95% CI: 0.76-1.05; P-trend = 0.74) and all women (HR = 1.13; 95% CI: 0.96-1.32; P-trend = 0.23) when Mg was included into the total fiber model, whereas dietary Mg remained significant.
The association between GL and diabetes was borderline in all men (P-trend = 0.07) and significant in all women (HR: 1.41; 95% CI: 1.15-1.73; P-trend = 0.02). For Caucasians, the risk was significantly elevated by 50% in the 5th quintile among men (P-trend = 0.003) and doubled in women (P-trend = 0.002). After adjustment for total carbohydrate intake, the relation was significant among all men (P-trend = 0.001) and lost significance among all women (P-trend = 0.11). When models were mutually adjusted for dietary fiber, Mg, and GL, Mg and GL remained significant in both men and women (P-trend = 0.006 and 0.002 for Mg and 0.03 and 0.009 for GL), whereas dietary fiber did not (P-trend = 0.44 and 0.41).
Discussion
In this multiethnic population, participants in the top quintile of dietary fiber intake experienced a reduced diabetes risk, suggesting a threshold effect for daily intakes of .30 g (based on a diet of 8368 kJ). The effect was stronger in men than in women and more pronounced in Caucasians than in Japanese Americans and Native Hawaiians. As the small difference in risk between the models with and without BMI indicates, the effect was only partially mediated by body weight. Grain fiber was beneficial for men and women, vegetable fiber was protective for men only, and fiber from fruit did not affect diabetes risk in men or women. High Mg intake was associated with a lower diabetes risk in men and women and may explain the protective effect of dietary fiber. GL increased diabetes risk among Caucasian men and all women, although not all associations were significant.
This investigation was limited in several ways. Unfortunately, Mg intake from supplements could not be included in the analysis, because the FFQ did not ask for this mineral. Due to Mg's strong correlation with dietary fiber, it was difficult to disentangle their separate effects. Future investigations need to assess the degree to which dietary and supplemental Mg alters diabetes risk in relation to dietary fiber. Furthermore, the concept of GL does not consider insulin response, which might be of greater interest for diabetes prevention, because different carbohydrate-containing foods with similar GL can have different effects on insulin response (19, 20) . Also, the high intra-and intersubject variations in insulin response to a food make it difficult to generalize findings for GL (21) . Under-and overreporting of foods is common and may have occurred in this cohort (22) . The relatively small sample size for Native Hawaiians limited the power to detect associations. Due to multiple comparisons, some results in this analysis might be due to chance. On the other hand, this study also had several important strengths, foremost its prospective nature with 14 y of follow-up. The Hawaii component of the MEC is a large multiethnic study population with great variations in diabetes risk. Several sources contributed to diabetes incidence data, but only cases confirmed by a health plan were included in the analysis. The prospective study design reduced the chances of recall bias for dietary exposures. Because information on the occurrence of diabetes was obtained and classified independent of dietary exposure, the possibility of information bias was greatly reduced. The findings of this analysis agree with previous reports showing a protective effect of dietary fiber (23, 24) and vegetable fiber (25-27) against diabetes. Similar associations reported for whole-grain foods may be due to their high fiber content (28, 29) . In contrast to our findings, 2 previous studies found fruit fiber was inversely associated with diabetes (25, 26) . The combined evidence from prospective cohort studies on dietary fiber suggests that fiber from grains might have stronger risk-reducing potential than other fibers (13, 23, 24, (30) (31) (32) . However, the association of dietary fiber with diabetes was not as strong in our study as in some other reports based on cohorts (24, 31, 32) . A possible explanation may lie in the relatively low fiber intake in the MEC; Caucasian women consumed more fiber than other ethnic groups, but their mean daily intake of 12.6 g/4184 kJ was still below the guidelines of at least 14 g/4184 kJ (4); only participants in the top quintile consumed the recommended amount. Although one study of fiber and diabetes reported higher intakes of fiber and a stronger association with diabetes (32), another one found a stronger risk with lower fiber intake (31) . The beneficial effect of dietary fiber might be due to its high Mg content, which may be protective against diabetes due to its role as an essential cofactor for enzymes involved in glucose 
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Native Hawaiian, n = 943 metabolism and its effect on insulin action and glucose homeostasis (9, (33) (34) (35) . Our finding of an inverse association between Mg and incident diabetes risk is in agreement with a metaanalysis (9), although some cohorts found no association (7, 14) . Because of the very high correlation between fiber and Mg intakes, it is not possible to distinguish separate effects of these 2 components on diabetes risk as shown in another study (36) . However, the fact that Mg intake was similar across all ethnicities in our study suggests that fiber may be more likely to explain the ethnic differences in diabetes incidence. As published in previous analyses from the MEC, dietary patterns vary across ethnicity and may be responsible for the differential effects by ethnicity (37) . Compared with Caucasians, Native Hawaiians were more likely and Japanese Americans were less likely to have high scores on the "fat and meat" pattern. Both groups had higher mean scores on the "vegetables" pattern and lower mean scores on the "fruit and milk" pattern than Caucasians. The protection of grain fiber against type 2 diabetes was limited to Caucasians; this may be due the different types of grains consumed across ethnic groups (38) . Rice intake was~3-fold higher in Japanese Americans and Native Hawaiians than in Caucasians (15) . Wheat was more commonly consumed by Caucasians and may contain components not present in rice that play a role in diabetes prevention. Japanese American men in our study benefited more from vegetable fiber than any other type, possibly due to their higher legume consumption compared with Caucasians and Native Hawaiians (15) . Legumes and vegetables provide high amounts of both soluble and insoluble fiber. Japanese men may have benefited from the combined effects of both types of fiber, although the soluble fiber in fruit did not provide a similar effect. This finding agrees with a report from Shanghai that described a protective effect of vegetable but not fruit intake against diabetes (36) . Studies on fiber intake and diabetes risk in other ethnic groups are limited, but in the Atherosclerosis Risk in Communities Study, cereal fiber was protective for Caucasian but not African American participants, although the authors suggest that this difference was possibly due to the small sample size (13) . The differences in associations between men and women are not easily explained. Besides being a result of different eating patterns, errors in reporting may contribute; women tend to misreport foods to align more closely with perceived social expectations (22) .
In this study, GL had a greater adverse effect in women than in men. However, the Nurses' Health Study II (24) found no significant association. Another large cohort described a weak association with GL among Caucasians but not African Americans (13) . We have no obvious explanation for the fact that GL was most clearly associated with risk in Caucasians and did not increase risk in Japanese Americans and in Native Hawaiian men. The high BMI among Native Hawaiians may outweigh the potential effects of any dietary component. The lack of a good anthropometric or nutritional explanation for the weaker HR related to fiber and Mg among Japanese Americans raises the possibility of a different etiology in this group. Visceral adiposity as well as a reduced ability to regulate insulin may be responsible for the disproportionately high incidence (1, 39, 40) .
This investigation among MEC participants strengthens support for a relation of dietary fiber and GL with diabetes risk and extends the evidence to 2 non-White ethnic groups at high risk for diabetes. Whereas Japanese American men appeared to benefit most from vegetable fiber, Native Hawaiians seemed to experience more protection from grain fiber. Differences in the amount and kind of fiber-containing foods consumed by different ethnic groups may explain the discrepancies in the strength of the associations (37) , but additional research is needed to determine the effects of diet on diabetes risk across ethnic groups. The high prevalence of obesity among Native Hawaiians and visceral adiposity and insulin dysfunction among Japanese Americans may affect the ability of dietary fiber to reduce diabetes incidence in these groups. Results from this study indicate that some degree of protection against diabetes may be achieved through food choices even after taking into account body weight. However, the apparent protective effect of fiber, in particular from grains, against diabetes was primarily limited to those in the top category of intake, indicating the possibility of a threshold effect. Given the high Mg content of grains (8) , food with a high fiber content may be protective against diabetes through a Mg-related mechanism.
